Related variety of economic activities is widely recognized to induce regional development; however, it is not clear how this mechanism takes place in regions that go through major structural and institutional transformation. Furthermore, foreign direct investment (FDI) is typically a major source of structural change in these areas; and we still need a better understanding on how foreign-owned (foreign) firms affect the dynamics of domestic-owned (domestic) companies. For these reasons we analyse firm-level exit in Hungarian city regions between 1996 and 2011, over the late post-socialist transition in manufacturing industries, focusing on the difference between foreign and domestic firms. Introducing ownership into the related variety calculation, we estimate the probability of firm exit with the region-level related variety calculated separately for foreign and domestic firms. Our results suggest that related variety of foreign firms decreases the probability of domestic firm exit earlier during the economic transition compared to the related variety of domestic firms. This finding supports the idea that FDI plays a formative role in regions under transition, and shows that domestic firms benefit from being in agglomerations where foreign firms are technologically related to each other.
Introduction
The argument that technological relatedness influences regional economic development through learning and capacity building has been at the core of recent discussion in economic geography (Zhu, Jin, & He, 2019) . Extending on the literature of agglomeration economies (Beaudry & Schiffauerova, 2009; Duranton & Puga, 2004; Glaeser, Kallal, Scheinkman, & Shleifer, 1992; Henderson, Kuncoro, & Turner, 1995; Jacobs, 1969; Marshall, 1920) , the central tenet claims that the related variety of economic activities in a region is crucial for economic performance because it improves local learning and boosts agglomeration externalities (Boschma & Iammarino, 2009; Frenken, van Oort, & Verburg, 2007) . A vast body of empirical results supports these claims, showing that related variety is beneficial for economic growth (for an overview, see Content & Frenken, 2016) and diversification , and there is some evidence showing that related variety enhances the chances of firm survival as well (Basile, Pittiglio, & Reganati, 2017; Howell, He, Yang, & Fand, 2018; Neffke, Henning, & Boschma, 2012) .
All the while, there has been a growing interest in understanding the role of relatedness in regional economies that went through rapid and radical structural and institutional transformation (Gao, Jun, Pentland, Zhou, & Hidalgo, 2017) . This is perhaps because these rapid changes -in the last decades in China or after 1990 in Central-and Eastern Europe (CEE) -provide the opportunity to understand the above mechanisms in a context similar to natural experiments (Jun, Pinheiro, Buchmann, Yi, & Hidalgo, 2017) . As previous evidence show for Hungarian regions, firm populations went through large fluctuations during these changing times making some regions decline and others grow (Lengyel, Vas, Szakálné Kanó & Lengyel, 2017) . Despite these recent efforts our understanding is still scanty on how agglomeration economies in general, and related variety in particular are associated with firm survival during economic transformation.
Multinational enterprises (MNEs) and foreign direct investment (FDI) are major sources for regional transformation (Pavlínek, 2004; Radosevic, 2002) , because such foreign-owned (foreign) firms connect regions to global markets (Keller & Yeaple, 2009) , and influence the productivity and innovation of co-located domestic-owned (domestic) firms of the host economy through spillover effects (Békés, Kleinert, & Toubal, 2009; Crescenzi, Gagliardi, & Iammarino, 2015; Csáfordi, Lőrincz, Lengyel, & Kiss, 2018; Gorg & Strobl, 2001) . A recent study, building on the structural change framework developed by Neffke, Hartog, Boschma, and Henning (2018) , has found that foreign firms drive transitioning regions into unrelated diversification (Elekes, Boschma, & Lengyel, 2019) , perhaps by bringing new knowledge into the region and dismantling old-fashioned capacities. What needs to be unpacked in this regard is the relative importance of related variety among foreign and domestic firms for firm survival as economic transition unfolds.
For these reasons, the aim of this paper is to explore how the related variety of foreign firms and the host economy relates to firm survival in regions that went through major structural and institutional transformation. We achieve this through studying the case of manufacturing firm population dynamics in Hungarian city regions between 1996 and 2011. We propose that the case is well suited for observing the interplay of technological relatedness and MNEs in regions under transition because Hungary, like many other former Eastern Block countries, went through a major transformation from a planned to a market economy beginning in the early 1990s. Previous research indeed showed that those regions succeeded in tackling the challenges of the market economy where foreign firms located their subsidiaries and re-organized the economic structure of regions (Lengyel & Leydesdorff, 2011) , and the majority of those regions that could not attract FDI, failed (Lengyel & Szakálné Kanó, 2014) .
For the empirical analysis we rely upon a unique firm-level panel database, in which the location of the company seat, industry classification of the main activity, size and ownership structure of companies are pulled together with key balance sheets variables. We opt for a firm level panel logit model to link firm exit to various measures of variety over the period of 1996-2011, while also controlling for other sources of agglomeration economies. Variety measures are interacted with time dummies to enable us to detect the changing importance of related variety over time. This method also provides a fine-grained picture in which firm-level controls can be accounted for.
The results of our investigation show evidence for transition patterns, especially when looking at the interplay between foreign and domestic firms. Our results indicate that the related variety of domestic firms' industries became linked to firm survival gradually, only at a later phase of the transition. The related variety of foreign firms' industries has started to help firm survival earlier than the related variety among domestic firms. This points towards that FDI and MNEs were transformative actors for the host regions in the earlier stages of the economic transition.
With this research, we hope to make the following contributions. First, we introduce foreign versus domestic ownership into related variety calculation, which is a new methodological development. Second, we bring the literatures of evolutionary economic geography (EEG) and MNEs closer together by putting foreign firms as key actors of economic transition into the centre of this analysis. Third, we contribute to the EEG literature by showing that the effect of related variety can change over turbulent times of economic transition, and specificities of regional transformation like the strengthening role of FDI may drive these changes.
The paper is structured as follows. In Section 2 the literatures on related variety, and MNEs are connected, and the empirical context of our case is introduced. This is followed by the description of the data, our methodological development and the panel logit model specification in Section 3. In Section 4 the results on the relationship between firm exit as the dependent variable and regional level relatedness measures as the independent variables are presented. A discussion of our key findings, limitations and opportunities for further research conclude the paper in Section 5.
Conceptual and contextual background

Agglomeration externalities and firm survival
It is widely accepted that costs and benefits arise from the spatial concentration of economic activities. These agglomeration externalities influencing firm performance and regional outcomes have been undoubtedly the dominant way of understanding unequal spatial development (Duranton & Puga, 2004) . Besides internal economies of scale, co-locating firms in similar industries benefit first from localization economies stemming from specialized local labour market, specialized local value-chains and intra-industry knowledge spillovers (Marshall, 1920) . Specialization permits better matching between employers and employees, more efficient sharing of intermediate goods, and technological learning (Duranton & Puga, 2004) . Second, Jacobs-externalities arise due to inter-industry knowledge spillovers stemming from the variety of economic activities present in a region (Jacobs, 1969) . Numerous empirical findings led to a long-standing debate on the relative importance of specialization and diversity in regional growth (Glaeser et al., 1992; Henderson et al., 1995) . Third, urbanization economies are present in large urban areas with a significant market size, economies of scale in public services and advanced infrastructure, offering benefits to all firms regardless of industry (McCann, 2008) . This discussion was furthered by the seminal work of Frenken et al. (2007) on related variety. They showed that Jacobs-externalities can be expected when there is neither too strong, nor too weak technological proximity between industries within the same region, as such optimal proximity allows for effective learning and innovation (Boschma, 2005) . Unrelated variety in contrast offers a portfolio effect for regions against economic shocks . Furthermore, they demonstrated that localization economies are contributing mainly to productivity growth. A growing number of papers have confirmed and extended on the findings on related variety (for an overview see Content & Frenken, 2016) .
These agglomeration forces also influence the survival of firms and the industrial composition of regions. Regional characteristics like the number of new businesses in the relevant regional market or the size of the region have a pronounced effect on new firm survival (Falck, 2007) . Contradicting empirical evidence shows that localization economies can be both beneficial (Basile et al., 2017; Howell et al., 2018) , and adverse (Boschma & Wenting, 2007; Borggren, Eriksson, & Lindgren, 2016) to firm survival. This may be because the local concentration of similar activities incentivises further entry, but also increases competition. Evidence on urbanization economies mostly indicates no link to firm survival (Basile et al., 2017; Boschma & Wenting, 2007) , or a negative effect on it (Howell et al., 2018; Neffke et al., 2012) . In contrast to these findings the effect of related variety (Basile et al., 2017; Howell et al., 2018) , the local concentration of related industries (Boschma & Wenting, 2007; Neffke et al., 2012) , or locally available workforce from related industries (Borggren et al., 2016; Jara-Figueroa, Jun, Glaeser, & Hidalgo, 2018) , show a positive relationship to firm survival in many different empirical settings. Finally, the effect of unrelated variety of industries also proves to be hard to disentangle as it was found to decrease the chance of survival in general (Howell et al., 2018) , and to increase the likelihood of survival in service (Basile et al., 2017) , and low-tech industries in particular (Cainelli, Montresor, & Marzetti, 2014) .
Multinational enterprises and related variety
What is missing from the above stream of studies is making a distinction between multinational enterprises (MNEs) and the host economy when measuring related variety, as it's widely documented benefits may not be straightforward to be obtained when industries are populated by a mixture of MNEs and domestic firms. This is an important extension of the literature because the role of MNEs in regional development has gained considerable attention in the last few decades (Iammarino & McCann, 2013) . Besides the location behaviour (Barrel & Pain, 1999; Cantwell, 2009; Ledyaeva, 2009 ) and speed of local embedding of MNEs (Lorenzen & Mahnke, 2002) , the spatial effects of foreign firms are frequently analysed and the exact mechanisms are still in question (Beugelsdijk, McCann, & Mudambi, 2010; Cantwell & Iammarino, 2000; Christopherson & Clark, 2007; Phelps, 2004 Phelps, , 2008 Young, Hood, & Peters, 1994) . Capello (2009) argues for various channels of spillovers from MNEs to co-located domestic firms, and proposes a cognitive approach to capture them. According to her arguments, the productivity of domestic firms can be enhanced by MNEs even at low levels of labour flows and value chain links because the presence of MNEs can change the attitude of domestic companies towards cooperation and novelties. FDI inflows also contribute to the upgrading of indigenous capabilities of local firms, making them gradually switch to more complex products (Javorcik, Lo Turco, & Maggioni, 2017) . What previous evidence shows is that new knowledge brought in by MNEs will not automatically benefit local firms. The spillover effect of FDI on the host economy depends on the absorptive capacity and dynamic capabilities of local firms (Cantwell & Iammarino, 2003; Teece & Pisano, 1994) , and the degree of fit between the characteristics of the MNE and the host region (Crescenzi et al., 2015; Delios, Xu, & Beamish, 2008; Iammarino & McCann, 2013; ) .
We expect, based on the literature above, that related variety in particular is associated with a decreased chance of exit, and we aim to explore the differential role of related variety within the foreign and domestic subset of firms. In connection with the transformative role that MNEs may play in structural change, we also expect that the related variety of foreign firms' industries in particular is mitigating the chance of exit even for domestic firms.
The changing role of related variety in regions under transition
A further point that still needs to be explored in the literature is that the link between related variety and firm survival may change over time, especially in regions under economic or institutional transition. The emergence of agglomeration economies is a cumulative process, as it was proposed earlier by Myrdal (1957) , thus a firm is likely to enter a region where agglomeration economies are already present and the new entry will further increase agglomeration economies. Evidence show that agglomeration externalities indeed change over time (Almeida & Kogut, 1997; Duranton & Puga, 2001; Neffke, Henning, Boschma, Lundquist, & Olander, 2011) . Consequently, the potential for knowledge spillovers increases with newly entering firms (Arthur, 1990) , which is especially the case when entries increase the level of technological relatedness in the region because firms are more likely to absorb these knowledge spillovers (Cohen & Levinthal, 1990) . Related variety is aiming to capture the level of potential knowledge spillovers in a region (Boschma & Iammarino, 2009; Frenken et al., 2007) , and consequently, firms are expected to locate in regions with a high potential of knowledge spillovers (Boschma & Frenken, 2006) . Furthermore, the level of technological relatedness among co-located firms correlates with the level of intermediate goods and services in the region (Cainelli & Iacobucci, 2012) , which suggest that different sources of agglomeration economies might co-evolve.
What follows from this is that the effect of related variety can change over time. This is because firms related to the regional portfolio have a higher chance to enter the region compared to unrelated firms , and therefore new firms can be expected to increase related variety in regions. It is also important to note that an additional firm increases the number of all possible firm-firm knowledge links and thus the potential for knowledge spillovers by the number of firms already present.
1 Consequently, if new entries increase related variety in the region then technological proximity across firms has an increasing chance to further boost agglomeration economies.
Related diversification indeed seems to be the rule , while countrylevel evidence shows that unrelated diversification is rare, happening at an intermediate level of economic development (Pinheiro, Alshamsi, Hartmann, Boschma, & Hidalgo, 2018) . It is important to note that the subsequent relative shrinking of unrelated variety within the local economy may hinder long-term growth potential (Saviotti & Frenken, 2008) , and resilience against economic shocks . Indeed, the diversification slows down and becomes more related during times of crisis, and more diverse cities outperform more specialized cities in diversifying during times of crisis (Steijn, Balland, Boschma, & Rigby, 2019 ). What's more, agglomeration forces may enhance entry during economic expansion and exit during a recession (Cainelli et al., 2014) .
We further propose that growing relatedness in the foreign subset of the regional economy can affect the domestic firms of the same region positively. Because relatedness co-evolves with other aspects of agglomeration economies such as local value chains (Cainelli & Iacobucci, 2012) , the growing capacity of knowledge spillovers and labour pooling across foreign firms, and the increasing returns created thereof can generate growing demand for intermediary goods and services, which might be beneficial for the local economy as a whole. As a result, the dynamics of local firms can take off even if knowledge externalities have low potential in those segments.
Our expectations on the changing association between variety and firm survival is first that the importance of related variety increases in the host economy following economic restructuring, because self-reinforcing benefits take time to form. Second, the positive spillovers of related variety matter more for firm survival in times of stability, while the stabilizing portfolio-effect of unrelated variety matters more in times of economic turmoil.
Case description
Our particular case is the transformation of Hungarian regions, in which regions that were specialized in heavy industry during the socialist era faced serious difficulties and declined in the 1990s (Lengyel & Szakálné Kanó, 2013) . Starting from the second half of the 1990s, foreign firms became key actors in determining the export and employment levels of regional industries (Kállay & Lengyel, 2008; Lengyel, 2003) . These firms brought new knowledge into the regions offering new sources of dynamics (Halpern & Muraközy, 2007; Inzelt, 2003) . The location choices of foreign firms were extremely concentrated and did not change significantly between 1994 and 2002 (Antalóczy & Sass, 2005) . Previous research showed that despite their central position, the local interactions between foreign and domestic firms evolved slowly (Békés et al., 2009; Lengyel & Leydesdorff, 2015; Lengyel & Szakálné Kanó, 2014) .
Taking history under consideration, in our empirical analysis we address three major characteristics of regional development during the post-socialist transition in CEE countries. First, the collapse of the Comecon was an elementary external shock leaving most traded industries with limited experience in accessing international input and output markets, as well as a sudden exposure to global competition (Rodrik, 1992) . Thus, we look at firm failure and investigate how characteristics of the local economy have reduced the probability of firm exit. Second, development paths in regions under postsocialist transition are often argued to differ from the gradual development in more developed regions (Lengyel & Leydesdorff, 2011; Novotny, Blažek, & Květoň, 2016; Sokol, 2001; Zenka, Novotny, & Csank, 2014 ). An important previous finding suggests that the emergence of agglomeration economies has speeded up in the 2000s in the CEE countries (Strano & Sood, 2016) , and therefore we aim to uncover if related variety have started to express only in later phases of the transition. Finally, FDI became a major engine of economic growth, and the presence of the subsidiaries of large MNEs was crucial in regional transformation (Pavlínek, 2004; Radosevic, 2002; Resmini, 2007) . Therefore, we investigate whether the technological relatedness of co-located foreign firms have generated agglomeration economies, which would have influenced the dynamics of domestic firms as well.
Research design
Data and sample selection
We rely on a firm-level dataset that was provided to us by the Hungarian Central Statistical Office (HCSO), consisting of annual census-type data of Hungarian firms, compiled from financial statements associated with tax reporting that were submitted to the National Tax Authority in Hungary by legal entities using double-entry bookkeeping. The observation period is between 1995 and 2012 on a yearly basis. The data contains basic information on each firm, including the LAU2 region (settlement) of the company seat, the 4-digit NACE code of its main activity, the annual average number of employees, the amount of equity capital held by different types of owners, and major financial indices at the end of each term. Foreign ownership was attributed to a firm if more than 50% of its total equity capital was in foreign hands.
Our investigation is limited to manufacturing firms for two reasons. First, available company seat data are more likely to represent the actual site of the productive activity in the case of manufacturing industries in Hungary (Békés & Harasztosi, 2013) . Second, the location decision of manufacturing firms can be expected to be influenced more strongly by local knowledge externalities and related variety compared to service firms, because the latter may be motivated by the presence of customers Mameli, Iammarino, & Boschma, 2012) . In order to increase the reliability of the data, we exclude those firms from the sample that never reached at least five employees during the period of interest, because the quality of the data compiled from the balance sheets of Hungarian firms with less than five employees have been considered unreliable in previous studies (Békés & Harasztosi, 2013) .
In terms of geography, we focus our attention on firms located in city regions identified on the basis of daily commuting trends aggregated from census data by the HCSO. It has been reported repeatedly that the majority of manufacturing industries is concentrated in these 23 agglomeration areas around major settlements (Tóth, 2014) , and as such, city regions represent concentrations of economic activity where related variety can reasonably be expected to have an effect. The majority of both foreign and domestic firms, as well as corresponding employees are located within city regions (58-68%) throughout the period of the analysis (Appendix 1 and 2). The boundaries of these city regions change over time, mostly due to changing commuting patterns, thus, we use the 2012 classification consistently over the period of the analysis.
Finally, we exclude those firms from the sample that were present for just one year or were present in the data with gaps. Thus the final sample is a panel database with 169,048 firm-year combinations consisting of 21,491 unique firms being listed 7.87 times on average.
The calculation of the variety indicators
We depart from the seminal work of Frenken et al. (2007) in the first step of calculating the related and unrelated variety indicators. They claim that two co-located firms are technologically unrelated when they do not share two-digit NACE codes. Two co-located firms are technologically related when they share the same two-digit NACE codes but do not share the four-digit NACE code. The rationale behind these assumptions is that related firms may share enough knowledge but are not too proximate; therefore, they can not only understand but may also learn new things from one other, whereas unrelated firms may not be able to learn from one other because they exploit different technologies.
This approach relies on entropy-calculation in measuring diversity, frequently used in economics and regional studies (Dusek & Kotosz, 2016; Frenken, 2007) . The distinction between related and unrelated variety (i.e. entropy decomposition) on the basis of a standard industrial classification leads to an ex ante measure of relatedness. This means that such taxonomies classify industries in the same category precisely because they are expected to have some degree of relatedness. While unavailability of data prevented us from using an ex post measure of relatedness based of products or skills (for comparison of ex ante and ex post measures see e.g. Boschma, Eriksson, & Lindgren, 2014) , using the entropy-measure increases the comparability of our results with previous studies (Blažek, Marek, & Květoň, 2016) . Furthermore, with this paper, we aim to refine the decomposition procedure by introducing firm ownership as an additional level.
We develop an alternative model in order to account for the various forms of foreigndomestic knowledge spillovers in the context of the entropy decomposition. This development is important in the case of firm-level dynamics in Hungary because the technological proximity and gap between foreign and domestic firms were crucial in regional development as reported by previous research (e.g. Lengyel & Szakálné Kanó, 2014) . Unlike in previous papers, in which related variety was decomposed into subsets of manufacturing and service industries (Mameli et al., 2012) , or high-tech manufacturing (Hartog, Boschma, & Sotarauta, 2012) by technological categories, the introduction of ownership categories requires an additional level in entropy-decomposition.
In a previous paper, we showed that in principle ownership can be introduced at different levels of the entropy decomposition, and that introducing the new level in the decomposition at the level of the whole economy fits best the foreign-domestic duality of the Hungarian economy (Szakálné Kanó, Lengyel, Elekes, & Lengyel, 2017) . In this model, economic variety measured in the region is equal to the entropy of the employment distribution of the finest bin structure, which is the four-digit NACE code combined with the ownership category. This approach yields the main variables of interest, namely two related variety (RV DOM and RV FOR ) and two unrelated variety (UV DOM and UV FOR ) measures. A higher value of these measures indicates an increased variety of economic activities among foreign or domestic firms. Ownership variety (OV) is an additional variable yielded by this approach indicating how balanced is the number of foreign and domestic firms (weighted by employment) in a region (Figure 1) . A higher value of ownership variety indicates a more balanced distribution of firms over the ownership groups.
More formally, let p oi be the share of employment in industries with four-digit NACE codes combined with ownership categories. Let p oi add up to P og , which is the share of employment in two-digit NACE codes combined with ownership categories. Additionally, let the sum of P og be P o , the share of employment in all industries combined with ownership categories. Finally, let d indicate the domestic set of firms and f the foreign set of firms.
Economic variety measured in the region will be equal to the entropy of the employment distribution of the finest bin structure, which is the four-digit NACE code combined with the ownership category (Equation (1)). The overall variety in a region then equals the variety measured in the ownership distribution (OV) plus the weighted sum of domestic and foreign unrelated varieties (UV DOM and UV FOR ) and the weighted sum of domestic and foreign related varieties (RV DOM and RV FOR ) (Equations (2)- (9)): Note: light grey represents the domestic subset and dark grey represents the foreign subset of firms.
3.3. Specification of the econometric model for firm exit A previous paper found the dynamically changing effect of related variety on employment growth in Hungarian regions (Lengyel & Szakálné Kanó, 2013) . In order to detect these changing effects of the explanatory variables, we apply time period dummies in the analysis. We divide the whole 16-year timespan into four equal time periods, each of which can be associated with significantly different eras in the post-socialist transition of the Hungarian economy. A fast liberalization and dynamic economic growth characterized the first period (1996) (1997) (1998) (1999) . Next, the country prepared for joining the EU in the second period (2000) (2001) (2002) (2003) , followed by an economic slowdown in the third period (2004) (2005) (2006) (2007) and a more dramatic downturn in the fourth period (2008) (2009) (2010) (2011) . We use all four periods respectively as baselines for the investigation in four variants of the model in order to obtain the significance level of being different from zero 2 for coefficients of each period separately. These four variants differ from each other only in meaning of reported coefficients and have the same model-description statistics.
During the econometric analysis, following Disney, Haskel, and Heden (2003) , those firms are considered to exit in year t that are present in the sample in year t, but not in t + 1. To establish such exit status, we also used data for 2012, but subsequently dropped them from the analysis as all firms would have exited in 2012. After sample selection every firm had at most one exit during the 16 years period of the analysis. Consequently EXIT is a binary dependent variable taking the value of 1 in the last year the firm is observed in the data, and 0 otherwise.
The entry 3 activity of foreign firms steadily decreased from cca. 130 to cca. 35 during the period of the analysis, while exit was more stable, increasing from cca. 35 to cca. 75 instances per year. Altogether the total entry of foreign-owned firms exceeded their total exit up until 2000, since then the number of foreign firms slowly declined. The dynamics of domestic firms show similar patterns with more stability. Total exit in this group exceeded total entry after 2006. The peak in entry activity in 2004 is due to a change in the regulations on mandatory double-entry bookkeeping. Overall, the firm population dynamics indicate a slowly decreasing number of firms, especially since the late 2000s, most likely due to the general slow-down of the Hungarian economy.
A fixed effect model is applied as this approach allow for us to control for time invariant unobserved firm characteristics to some extent. Explanatory variables are lagged by 1 year in order to account for the widely observed impedance of agglomeration externalities to express their effect on the regional economy. We tested different lags as a robustness check, ranging from 1 to 3 yielding similar results. So as to test for the relation between variety and firm exit, we run fixed effects panel logit models for the whole 16-yearperiod with period dummies (Equation (10)):
x it is an (n × 1) vector, containing values of explanatory variables and values of the time period dummy-interactions for firm i and year t. z it is an (m × 1) vector, containing values of control variables for firm i and year t. b x is an (n × 1) vector of the coefficients of the explanatory variables and the time period dummy-interactions and b z is an (m × 1) vector of the coefficients of the control variables. In our case parameter n is equal to 20, while m is equal to 24. We use xtlogit, fe (STATA command) to estimate the coefficients, which runs a conditional maximum likelihood method. This technique means that a likelihood function is conditioned on total number of events observed for each firm. Consequently, the contribution of one particular firm to the likelihood function is measured by the probability of the firm's exiting the economy in the actual year in which it occurred rather than in one of the other possible years.
4 Fixed effect models take into account only those firms which had EXIT it = 1 exactly once in the 16 year period under investigation. 5 We use fixed effect instead of random effect approach in order to avoid omitted variable bias. The within variation is big enough compared to the between variation of the explanatory and the control variables (Table 1) , which further underlines the relevance of fixed effect models.
A number of control variables are used for the exit models. As related and unrelated variety are the main focus of this paper, we control for other types of agglomeration economies in two ways. Location quotient (LQ) is used to control for the level of specialization of a city region on a given 2-digit NACE industry, while Ellison-Glaeser γ (EG g) controls for the level of economies of scale external to the firms within the industry. Besides these average firm size (AVGSIZE) in the 2-digit industry of the firm in a city region controls for the level of economies of scale internal to the firms within the industry. 6 At the firm level we use the number of employees (EMP) and total equity capital (CAPTOT) to control for different aspects of firm size. An additional firm level dummy variable (WASTE) is used to control for unsuccessful firms, taking the value of 1 if the net result of the firm was negative in the year of exiting (see Table 1 for panel descriptives of the independent variables). When looking at the variance inflation factor (VIF) 7 values of the right hand side variables we concluded that multicollinearity is unlikely to be an issue in the models: the values stay below 5 in most cases and never exceed 10 (see Table 2 for pairwise correlation of coefficients and VIF values).
Results
So as to get a general impression on the change of the variety measures over time we sorted Hungarian city regions by variety in a descending order for years 1996 and 2012, and plotted the decomposed variety measures into ownership-, unrelated-, and related variety values. As one would expect, Budapest, the capital with its suburban area has the highest variety value, while the heavily industrialized region of Dunaújváros has the lowest (Figure 2) .
Some important connections can be made between this picture on variety and our econometric specification. First, adding the ownership level into the entropy-decomposition is necessary and meaningful, because ownership variety plays a pronounced role in shaping the ranking of city-regions by variety. Second, this role slightly decreases over time, and ownership variety values become much more similar between city regions by 2012, suggesting an equalization process in terms of spatial distribution of FDI in the background. Third, unrelated variety seemed to play a role in the reordering the city regions throughout our period of interest. As expected, the variety of economic activities in regions changes slowly over time; however, related variety among domestic firms increased considerably between 1996 and 2012. This offers some initial support for our expectation of widening opportunities for knowledge spillovers between these firms. The largest component of variety throughout the whole period remains to be the unrelated variety within ownership groups. Ownership variety shows only a slight increase over the entire period, while also having the lowest within variance among the variety indicators (Table 1) . Table 3 . Panel logit regression results for firm exit between 1996 and 2011.
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Baseline period 1996-1999 2000-2003 2004-2007 2008-2011 1996-1999 2000-2003 2004-2007 2008-2011 1996-1999 2000-2003 2004-2007 2008-2011 Notes: t-statistics in parentheses; * p < 0.05, ** p < 0.01, *** p < 0.001.
EUROPEAN PLANNING STUDIES
Now we turn to our estimations on the probability of firm exit (Table 3) . We differentiate the dependent variables based on ownership to look for any cross-group effects, running separate regressions for all firms, the subsample of domestic firms and the subsample of foreign firms. The fact that we study only those firms that exited regions creates a different empirical setting compared to studying employment or productivity growth. This is because we do not analyse incumbent firms, we only compare the circumstances of an existing firm to the circumstances of the same firm in its incumbent period. The fixed effect model offers a way to compare the deviation in the conditions of the firm from the average condition of the same firm during its presence in the sample, i.e. the comparison is between the incumbent years and the last year of the firm's presence. All the models are statistically significant with good log likelihood values, while admittedly the exit decision of foreign firms seem to be less dependent on the factors we observe in the models.
The applied control variables show plausible relations with firm exit. Specialization (LQ) has a positive effect on exit suggesting that high demand on productivity stemming from local competition is a challenging environment for incumbents. This is in line with the observation that competition intensifies in more specialized regions (Iammarino & McCann, 2013) . This effect was strongest after 2000, and is visible mostly for domestic firms, underlining that these firms are more vulnerable to productivity pressure compared to foreign firms. The spatial concentration of industries (EG g) after 2000 shows negative effect on exit, showing that incumbents benefit from external economies of scale in regions. This comes mostly from the domestic subset of firms. The average firm size (AVGSIZE) at the 2-digit NACE level has a negative relation with exit pointing towards the benefits of internal economies of scale. Domestic firms tend to access these benefits throughout the period in question, while foreign firms are more independent of them, especially after Hungary joined the EU in 2004. Counter intuitively, higher capital endowment (CAPTOT) increases the probability of exit, more specifically in the case of domestic firms. Evidently, higher total equity capital puts domestic firms at risk. This may be linked to the internal structure of total equity capital, but unfortunately, we have no data on capital assets to investigate this further. Firm size measured by employment (EMP) works as expected, showing that large firms are less likely to fail (Dunne, Roberts, & Samuelson, 1989) . The same goes for being in loss in the year of the exit (WASTE), as this is a strong predictor of leaving the region.
Turning to the coefficient on ownership variety (OV), it shows a significant positive effect on firm exit throughout the period of observation, meaning that having a closer to equal number of foreign and domestic firms (weighted by employment) increases the chance of firm exit. The strength of this effect was lowest during the early to mid2000s, when relative economic stability surrounded firms. This suggests that a more balanced regional composition of foreign and domestic firms, which in many cases means an increased share of foreign firms, is less desirable for incumbents, possibly because of stronger competition for markets and regional capabilities, and also because of better-established 'local buzz-global pipelines'-type relations that initially pose high entry costs. These barriers are present for domestic and foreign firms alike.
The coefficient of the related variety of domestic firms (RV DOM ) shows an interesting pattern throughout the period in question. It shows negative effect on exit in the 2004-2007 period, during the first few year of the Hungarian EU membership. This suggests that the benefits attributed to related variety indeed became relevant between domestic firms as the Hungarian market economy consolidated. One possible explanation is that in the first two periods the competitive aspect of transitioning into a market economy dominated firm behaviour, especially in the domestic subgroup that was slowly adapting to the exposure to global competition. Later on, firms may have recognized the cooperative aspects of economic activities enabling the occurrence of knowledge spillovers commonly attributed to related variety. With the economic downturn of 2008, the spillover potential between domestic firms became dominated by competition for resources once again. Additionally, domestic and foreign firm exit is affected the same way following the EU accession. One can expect that related variety in a region decreases the probability of firm exit because there is a higher level of intermediate goods and services in the region, and technological relatedness boosts the prevalence of agglomeration economies (Cainelli & Iacobucci, 2012) . This finding is in line with previous observations regarding the changing effect of related variety on employment growth in Hungarian regions (Lengyel & Szakálné Kanó, 2013) , and further supports the idea that fully restructured input-output relations due to the economic transition left their mark on agglomeration economies as well.
As opposed to the previous pattern, the related variety of foreign firms (RV FOR ) proved to be consistently beneficial for incumbent firms throughout the whole period. In the 2000s, domestic firms in particular were more likely to stay in regions with more related variety among foreign firms. Apparently, the related variety of foreign firms expressed its effect much earlier than that of domestic firms, hinting that foreign firms have been transformative agents of the Hungarian regional economies. Firm exit in both cases shows this pattern indicating that the benefits expected from related variety are expressed to some degree once a firm entered a region. As a final point, foreign firms seem to be unaffected by related variety within their group from 2000 up until 2008. This suggests that different drivers are motivating these foreign investments taking place in resource and investment driven regional economies compared to the ones in knowledge and innovation oriented regions.
As for unrelated variety, arguments about intermediate products may also be relevant because the diversity without technological proximity involved also increases the variety of locally available intermediate products and services. The unrelated variety of domestic firms (UV DOM ) is becoming unable to prevent domestic firm exit over time, suggesting that earlier on the relative safety of unrelated variety in the host economy helped the more unprepared domestic local competitors. Interestingly, the unrelated variety of foreign firms (UV FOR ) in particular was beneficial in times of economic turmoil, most notably before 2000, and after 2008. This however is stemming particularly from domestic firms, as foreign ones are barely affected by unrelated variety. As a last point, it seems that the effects of related and unrelated variety change over time with an opposite sign: as related variety became a stabilizing factor for incumbents over this transition period, so did unrelated variety loose its relevance in firm exit. One possible explanation for this is that unrelated variety may be less demanding in terms of being part of a knowledge network or being able to attract highly skilled workers to access benefits expected from related variety. In sum, these findings suggest that unrelated variety may be more important during the initial stage of regional transition in an economy that suffers from major shock that is not industry-specific, affecting the entire economy. However, as agglomeration economies start to be expressed and knowledge spillovers gain importance, related variety gets a more significant role.
Conclusions and further research
The aim of this paper was to explore how the related variety of foreign firms and the host economy relates to firm survival in regions that went through major structural and institutional transformation. Our empirical analysis featured the case the city regions of Hungary, a country with a small open economy and a duality of foreign and domestic firms that was formed during the period of economic transition after 1990. Relying on a unique dataset offering information on the ownership structure of manufacturing firms, we found evidence for transition patterns in related variety and firm exit, especially when looking at the interplay between foreign and domestic firms.
A number of conclusions can be drawn from our findings. First, the role of agglomeration economies in general and related variety in particular as a driving force of churn in the firm population of regions changed during the period in question. The variety of the industry structure of regions became an important source of agglomeration economies after 2000. More specifically the related variety of industries started to have a stronger association with firm exit at a later phase compared to unrelated variety, suggesting that the portfolio effect often attributed to the latter was slowly substituted by the spillover benefits of the former. These findings may suggest that technological proximity became important as cooperation among co-located actors slowly evolved after the major economic transition. Second, the related variety of domestic firms became a source of agglomeration economies later on. Interestingly the related variety of foreign firms has shown such a stabilizing effect in the host economy earlier on, and was an increasingly beneficial feature of regions for domestic firms, as the interactions between the two groups became more complex over time. Third, these findings point towards that FDI and MNEs were transformative actors for the host regions in the earlier stages of the economic transition, while foreign firms themselves were barely affected by potential spillovers throughout the transition. This paper takes a step towards linking agglomeration economies mediated by technological relatedness and firm population dynamics in regions under transition. However, as any other paper, our study has a number of limitations which should be taken up in future research.
First, this analysis was performed on a single case study on Hungarian regions. A more comprehensive analysis on agglomeration economies and relatedness in the former Eastern Bloc would be able to verify the external validity of our findings, a task we could not take up on due to the lack of firm-level data. That being said, we consider our results to be of relevance to other CEE countries that went through a similar transition, as well as to regions of more developed economies going through turbulent economic restructuring.
Second, with our data at hand, we could not differentiate between different internationalization strategies of MNEs. Indeed the direct and indirect effect from the related variety of foreign firms on the host region may depend on the strategy of these firms to exploit lower labour cost, obtain new consumer markets or reconfiguring pre-existing local manufacturing capabilities.
Finally, we could not link directly the individual firm to the regional portfolio of economic activities, and thus related variety is effectively considered a public good available in the region. This limitation, also present in other papers on related variety based on entropy-decomposition, could be remedied if appropriate data on products produced (e.g. , or labour mobility between industries were available (e.g. Boschma et al., 2014 ). An interesting question is whether relatedness to the foreign or domestic industrial portfolio of regions is more important for the survival of firms. In other words, the push or pull effect of foreign firms and the host economy could be assessed, especially when differentiating between foreign and domestic exit.
Notes
1. If N is the number of firms in the region then the maximum number of knowledge links in the firm knowledge network is N x (N-1)/2, which depends quadratically on N. If one new firm enters then the number of potential links raises by N, because this new firm can potentially build link to each present firm. 2. One particular model variant would give the coefficients for the baseline period and differences from coefficients of baseline period for the other periods. Hence for the other periods this variant reports significance level of being different from coefficient of the baseline period; we do not list other periods in the table. 3. For the purposes of this descriptive, ENTRY was also generated, taking the value of 1 if a firm was present in the dataset in year t but not in t − 1, and 0 otherwise. Data for 1995 was used for this calculation.
4. For further explanation of fixed effects panel logit models see Allison (2009) . 5. This is the reason for having fewer than 169,048 observations of firms in the regression tables. 6. Population density was also considered as a control for the size of agglomerations, but it had high linear correlation with related and unrelated variety variables, therefore we excluded it from our analysis. 7. VIF measures the linear association between an independent variable and all the other independent variables. A VIF value of higher than 5 warrants further investigation, and a value of higher than 10 indicates a high chance of multicollinearity (Rogerson, 2001 ).
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